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METHOD FOR MEASURING COMA ABERRATION IN OPTICAL SYSTEM 

Background of the Invention 
Field of the Invention 

The present invention relates to an optical system such 
as a projection exposure device using optical lenses and, more 
particularly, to a method for measuring a coma aberration known 
as one of aberrations in such system. 
Description of Related Art 

A coma aberration in an optical system comes about by a 
light being irradiated obliquely with respect to the optical 
axis of the lens, resulting in difference in focal position 
between the center portion of the lens and the peripheral portion 
thereof. The coma aberration causes an image like a comet as 
an output through the lens. For this reason, if such coma 
aberration occurs in a projection exposure device, that is used 
in process of a semiconductor device to form patterns on a 
semiconductor wafer, a portion of a fine pattern to be exposed 
is not resolved on the wafer. The optical systems including 
the projection exposure device are thus required to correct the 
lens interval and/or the optical axis of lens according to the 
coma aberration. 

The coma aberration is measured by exposing an evaluation 
pattern onto a work piece or a target substrate such as a 
semiconductor wafer. Convention^, apatternas showninFig. 
13(a) has been used as a evaluation pattern. This evaluation 
pattern PSA consists a plurality of opaque lines which are 
arranged in parallel to each other with a given width in a given 
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Pitch, m this example, five 9paque Unes ml to ij5 a ^ 
« th the same „ id th in a constant pitc ^ ?his ^^^^^ 

>SA 1. projected an, exposed on . photoresist aim CO ated on 
the surface 0£ an evaluation wafer b y use o f a projection exposure 
•yt«. «e photoresist films expose, is then developed The 
»»« is shown in Fig . 13(b) as ftw ^ ^ ^ 

If the exposure system has the coma aberration, the iines 
PL15 " «» -otH ends are dif.erent in width 

f each other, as indicated by K11 a „d Wl 5 in Fig . 13 (b) . Thls 

;" e " nCe b """" ^ »™ «d by a scannr„ 9 
electronic microscope lsm) „ , 5inil „ instrunen ^ 

in this description, the exposure system producing the 

actual patterns shown in Fia l3(hih». . l. 

3 ' 1J(1 » has such a coma aberration 

that the tail thereof stretches in the ri 9 ht drrection on the 

out 0£ ranee than o„ the left side. as a result, the width 

Wlo of the rightmost line PL15 h«„«m 

une PL15 becomes smaller than the width 

WH of the leftmost line PL11 a , ,1, 

8 LU ' as show n m Fig. 13(b). The 
difference between the widths wi s an w »i , ■ 

iaths W15 wn is measured to evaluate 
u the coma aberration n a ™„ 

tion. The measurement result i s then fed back 
to the exposure sytem. 

H-ever, it is consider^ burdensoine t0 measure sucn 
a tin, di ££ erence in width between the lines all and P ll5 In 

--tio„,theco„aberratio n ,avvar y ,ep e „din g oht h e P o sl tions 
hM * ° ne - Sh0t — sin gle chip area . rer this 

-ason, evaluationpatternisr^iredtobe.ormedatapluraut, 
<* Places within the one-shot exposure area, and the above 

Terence measurement have to be done at the respective places 
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Thus, the measurement work require - , 

equires a lot of steps and is 

complicated. 

'nordertosolvesuchproblens, Japan e seLai d-o P en (Rokai) 
P.t«t -Uc JllM HeU1 . 3544u proposes ^ improved 

ab " ratl0n m " suri »' m this technrgue, an 

evaluation ^ is prepa red „ hich ^ ^ ^ 

V lr " diated t0 one or eh. openings with 

n era U of such . ^ ^ ^ ^ ^ ^ 

the light by 18 „ deoree3 . ss to the other opening _ 

« » possible t0 obtain the KWth diffetenoe tKice ^ 

as the width different 

"J-iierence shown in Fig. 13(h) -rh. m 

- y " "W- The measurement 

thus becomes relatively easy. 

Since this technique require the steo of m . • 
1 c . n -. ^ uie btep or measurma rh^ 

15 wxdth difference, however, it is baai „ 

' ■ iS bas ically the same as Fig 13 
"» highly accurate method of Masuring ^ ■ 

^ Pr ° Vi3l0n ° f * !*«• *«t mask 1. needed. 

Another measuring method is su^a^t.n K , 
„„ suggested by Japanese Kokai 

Patent Publication Hei ll-ld?ino ■ ,. 
20 , MJ,M ' whlch util ^es the above coma 

;r try and the transf - ~ - * ~ — b y t* 

Cerent degrees or pa ttern density, specially, cyclic 
Patterns com P osed o f unit p atterns .„ ^ 
irne-symmetrically arr anged pattern rot extraotmg . given 

J I" tranSf " red ~ - - « -r edge positrons 

the remaining cyclic Pattern aIea _ neasured ^ ^ 

Positional difference between the edge centers tor evaluation 

° f 3 ^ ab " rati0n - ™» technigue is effects i„ 
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ta "" 3 Pr ° dUCti ° n - -«««.t processes because U 
quires measurement o f cyclic pattern outer and in „ er 

rr and the center - sitio - <* p"it i0M . naB e ly 

elates the „ eed for formation ^ ^^^^^^^ 

5 measurement of their widths as r«m, • ^ ■ 

laths as required m the above-mentioned 

conventional method. 

. this technique requires t „ 0 steps of 

; or trans£er of — ~ - - <*„„ £or transl6 ; 

ot line-symmetric patterns T f • * 
in . , nS> Xt 15 furth *r necessary to 

determinetherel at i V ep 0sitionsofthe 

cyclic and line-symmetric 

Patterns. For this 

, CJ - 01 st eps is increased 

»d the measurement „or* is oad e troublesome. 
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Summary of the Invention 

_ ItiS -^-tofthepresentinventiontoprovi d e afurther 
-Proved .etnod for coma 

Another oc.ect of the present invention is to prov.de a 
ethod for coma a berr a tion ^ _ 

timp ^ 



a meth d f ^ °' ^ ^ '° ~ 

» yet another obj ect of the present invention is to pro.ice 
ensure syscem used in producins ^ 

P«]ected and exposed onto a taroet .„*«, . 

target substrate such as a 

semiconductor wafer Thi* 

ThlS CTal »«ion pattern has at lease tuo 
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°Paque or impermeable Une Mtfp 

~o npatternaretrans ;;^-;-^ lityofthis 

5 - surest process eCtedt0 "~e n tp r0 cess. 

™ng the transferred patf ' " ™<* «• or ones 

lsfurtherdetecte :;: 

- -or dance „ith the ^ 

— ,e„ ationoccurs . :;;; n ; e — 

attention to this fact ^"^ haS 

15 - * the «. ab ;:;::r °; *» « 

-"--^J ab ;~;; , , t least 

^ and th ereaf ter th ; ln p ns are transfe - «*<> «» 

° - ^t-i mp e rmeaWe Une » — ^ one of the 

«* the Une patte „ s d PattGr " S ' « - iearn „ bich 

HdLuerns disappears k 

— o r ient atio „ anddeg h 7°"— f e rre , 

«=» b = evaluated accMd . "^""'^^a aberration 

— a- Pa ;r to — — h a , 

In * pref «red embo dimant of 
Pl« a ii tyof theabov „ - «*•»•■* i^ntion, , 

evaiua taon patterns ar-o * 
»** «d transferred at . tim " f ° r " ed °" a 

ca se, lt ls preferable thflt 



the widths of th^ *™ i • 

are the sane * P " ternS P«t. n 

, " ° th " »» l «• "".rent Mong the plural 

evaluation pattern, c ■ Plural 

Wldth <"«««=. is designed 

" hlch ~ 10 " ~ - — . £oraed in conple J/° 

m another .referred e^ent of tne present ^ 
- U ati OTpa t ternistrans£erredtoapiumityofi ■ 

- - . pl ^o^*^^ 

y one ln sequence while the amount of i ioht p 

u „ • U1 J-ignt exposure i <= 

section ensure smem , ^ a ^ ■ 

Paction exp„ sure system 

uevices which requires fine pa tt« 



? patterns . 



Brief Description pf the Drawings 
The above and other objects ari™^ 
the ores^ ■ advantages and features of 

>-"e present invention win h fl 

«5<. ri pt 10n taken in conj unction with th„ . 

in „ hich; 0nwithth "««Panyi„gdra„inas. 

! conceptual show, the ^ 
exposuredeviceforf.u,, jecuon 

fabrication of semiconductor device., ln „ hich 



coma aberration measure.™*,,- • 

oi the present invention; 

shown m Fig. 2; 

4 shows a trans£ er Mde on a „ a£er £rom 
Pattern on the mask „ shoun in ^ 2 . 

1U shown m Fig. 4 ; 

a„ d6(bl sh0B relatlve posmoMi 
- 0 talned from . trMsf _ d pattein 

reference line pair; 

S Une „ ■ 7 ^ 3 '"^ Sh °" in9 rel " i0n «« -sure. 

F ig- 8 is a graph showing the relaHon k - 
ana co ma a b e rrations; ^ " idth * 

or the present invention; 

^'-^-"(^showtransrers^eona^^ 
the mask as shown in Fig 9ar( ^„. 

of t . ^ 9 aCee ^ to a second embodiment 

°t the present invention; 

Fi S- 11 is a graph showing, the relaf-i™ k . 

■ » y me relation between liaht- 
— a„ d nuu „ positiMal ^^^^ * 

12 » a graph 3howlng the reUtiQn be 
exposures an d c«a Oration « 511tldes; a „ d 

-^.13 ( a,an dl 3 (b) showp att erns U se d in . conventional 
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coma aberration measuring method. 
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5 fo f 1 U1UStrateS 3 Pr ° jeCtl °" 6XP0SU " 100 used 

: :;;r ion of ~ ctM — - - — -i 

used in the present invention. This ■ 

mn f '""Projection exposure device 

100 i, composed of the following- a KrF .„ ■ 
reflection Mrror 102 wh' „ 101 ' 3 

the KrP e* • ^ 

OP £T. ; ; hte ; leCtedl ^^—— promotion 
optical system (projection lens) i^, . 

stage 104 , k- ^ the 

stage 104, for whicn a coma aberrat . . c 

staoe i n« f ^ration " measured; and a wafer 

---"o P : i :;;:;;:;;r n : 5 r isexposedtftrou9hthe 

oat f „ . ' " Placed ' T »e evaluation 

7 " f ° CUSed ^ - — e of the evaluation „afer „ 
"-—-section optical s y ste m 10 , 
= «ace of the evaluation wafer w is coated W1 th photoresist 

J h ° TO " ^ ^ ~on pattern appears as 

«*» 1 developin9 the ph ~ st - «» 

wa rerstagel06ismovableinX/YriH^ ■ 

he rented " ""^ — - 

» - '^Z'T"*™ no " on a chip " b - chip 

Stage 106 can be moved in the Hi M ,f • 
axis of fh • direction of the optical 

— of th ep r0]ectionopticalsystein (2 . 

to bring the evaluation pattern into f * 

P 8rn lnt ° focus ™ the surface of 

the evaluation wafer w. 



In the measuring method accordina 1-n a *■ 
of tho ding t0 a fir st embodiment 

of the present invention ^ n 

ention, the evaluation mask M is as ■ 

2. m this embodiment, i n order tome 

aSUre ^ aberrati - 

5 a , 5 6 Sh0t ° f e, the mask contains a plurality of 
5 eva luation patterns PS. The evaW 

exposed ■ valuation mask M is projected and 

exposed as a sinale rhin x, 

ths . P ^ SlngIe shot of -Posure through 

the projection exposure device ion „ 

substrate h m S " f a " ° £ 8 '«-P«..t 

suostrate used by the pv^i,,^ 

" «. -de of foiis f " herei " °" P '"'™ 

iU o. r tl ; fa r patterns ate distributed 

one of patte °' ^ CTalUatiM ^ " ""«• « 

""^'^"onitsopticaiaxiscenterposition R 
5 the nutoer of Bv »i„^- r Position. Regarding 

OI valuation patterns p<! »„,( .->, ■ 

^ns fs and their positions it 

- ~- t. ha. at least ta patterns in a le-sh „ 

f ° UI « - - «- - t- for the pC 

o ohse, in gthed ist ri butlono£ _ abemtionwithi P " 

:- d ~-_a 3Uri ng P oints .patterns, as^ 
POssrbie in order to obtain accurate distribution., however 

»-a n sa 10 "s Ur i„ gtime . '—s~ent thir 
"aluationpatternsPSaredistrita,,. , • 

.« x aiStribllte 1 «lthin the one-shot area 

tlrZsV"^"' ^ "~ — ™ " 

center as — irdes ^ ^ 

center as the center of the circlea . 

One evaluation pattern PS consists of a pair of patterns: 
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-Pattern P S(X ) for coma aberration in theXd . 

pattern p S( y } for rnm u he X dlre ^ion and a 

W for coma aberration in the y . • 

^"erence between these patt * ^ 

9 WiU be gained later 

In thlS era *>°diment, Pattern PS (x) rn ■ 
5 Patterns P01 to Pl 6 m f ° f Slxteen 

-tern, are c ^ ^ ^ each of these 

as a representative of th« t /« 
™ inches a llne portion ° — - ch 

^*t- ia , pemeableline p ; rtion 1 «-p««> of p lura i 

I iaes - Although at least i ■ 

">e «re Unas the , ^^sacre. 

the longer the lenath nfll 
the X direction „M „ " e P ° rti °" « 

°"' " hlCh «»s U rement easier Ho 

" this disadvant ge " * ^ '« —en, 

™*« o £ lines is f 9 t0 COnSi ^»"°". th, desiraoie 
-Lines is from 10 to is t« «-u ■ 

— as tM lines ll ^ ^ - ^ — ent , eachl/ s 

^r^irr^'^^^-ono.:. 

J (a), lines LI to Lin 
20 ^ng in the y d . p f . t0 U0 3re proximately 3600 nm 

ne Y dlr ection and evenlv «, na . „ • 

- in the x direct 3 PUch ° f «°0 

x direction. The eight middle lines T? +- 
« equal li ne width _ f ?nn llneS to " have 

^thof 200 nm (W2toW9). Thiamin , ■ 

ls ^entical among all L/s „ * Width 

y dii L/S patterns P01 to pu rt 

h ^d, the li ne widtfl , W1 , ^ ° n the ot ^ 

" LUIin (Wl and win) +-v,~ j. 

25 M and no is ecual t t "° lln " at «d. 

equal to or smaller than , • 

^ iine„idtho f these t„oa„ S3 r idthB2t0 " 9; 
«' 1. Afferent to T " " ' ™ S 

rentt06aCh -09 L/s patterns P0i to 

* As mentioned esri h q 

^-rirer, each VS pattern sho uldhaveatleast 



two unes, these lines LI and U0 correspond to t„ ■ 
required two Unas m th eSpo " d t0 ">e minimnm 

« 9 2 th ° f Pa " ern PH " 

In each of LS patterns P01 to P16 rh„ , • 

* heated between a pair of r f ' ^"^ " 

In tne X d ' " B ' aCln 9 

e X direction (namely , _ h ^ ^ y 

^ — -erence Unes B as a pair are connect d 
^ patterns extending in the x 

y m the x direction. Concretely a 
rectangular light-impermeable f 
in Permeable frame with x and Y dimensions of 

10 approx. 4800 nm is forined anrt . h . tensions of 

- .aced „ th e X d r d 7" ^ " ^ ^ 

portion t 7 ' 6en WhiGh the ^ne 

' P="i„g reference lines B arT' ^ 

are onu - s sible. Also in the 

conf lguration ag shQwn 

k ^gure, the pa lr connecting lines 

«*y be connected with lines L. 

Ah example of the qf 3 f. ^ u ^ 
LI „ h3t the Width W ' of the two lines 

L1 and L1 ° a t both ends is different t n „ 

Patterns P01 to P16 1S h ^ ^ ^ L/S 

™i to pi 6 is shown in Fio 1 ih\ 

n '«0ofli MallMriTln " He -, the line width 

S L1 and L1 ° ^ l/S pattern poi i s the larap , 
or 200 nm, while that in L/S .at. * ' 

i« /S Patt6rn P16 ^ the smallest or 

125 nm - For L /S Patterns P02 to Pie th 

decreases in a d * W1 ' W1 ° 

" 3 dec ^nt of 5 nm from 200 nm to 12. r 
-ample, the li ne width Wl Wi0 of ^ ™ t0 ^ For 

P03 is 190 11163 U L1 ° in L/S Pattern 

^ ™' ^ ^ in Pattern P10 . 1S 155 nm 

-ththecomaaberrationdetection P atternPS ( X)i 

i uern PS (X) is used to detect 
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coma aberration in the y h< 

zne Y direction. For tin. 
l/s patterns P01 to Pit . or thls P^Pose, PSm 

"- llt o ll0aMal 6r ° tatedbi "°— -hat ten 

5 The evaluation mask M thus do* ■ 

104 « the promotion '* °" ^ 

evaluation wafer w . 

•" kM1 '^»in.t«, bytll . Uoht . Evaluation 
10 - — Uon patens on th ^ " 3 ~ 

- — *» onto the sur f ■ ,rt,, "■ f8e,, ■" 
~^•<^t^J;l;~- tl ---•* 

~ -e.pos.photoj::::^;----" 

w is developed. evaluation wafer 

15 m this way , as shwn . n Fi 

1°°0 l8 formed on parfc Qf f g ' 4 ' * transferred pattern 

Patterns Ps of the evaln.t- ■ ^ " ' ^ * ^ ^ eval «tio„ 
™«~n transferred eval„ atio """"" ^ 

- C aherraticT ""^ ' " «" 

0 -» no e ifect oa the S ° 3 " i0 - «* substantia!!, 

- — ^r-r-r;-— 

Pattern PS' remain u 1 t0 L1 ° ln e ^ry transfer 

remain unchanged if 

t0 ^ « !east in one J s pat ' ^ ^ «« 

" ~ is .isappea, an I " " " * 

PPear and al so among the thi rt-„ a . 

-nation patterns M . t here is ' " '""^ 

valuation pattern have such . * 

6 such a Pattern. 
As shown in Fio s /,i ■ £ . 

o ( the eX pos "' ltWth ' K0 ^»^„l. ysta , 

6 e ^ 0s ^re device 100 has * . 

nas a coma aberr^Hnn 

serration oriented 
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rightward as yon f S r P m . . 

Y face the flgure t 

be generated: complex «. nSfer patter ^ 

complete patternc; ddi a 1 . 

een transferred as shown in Fios s /m 
and incomplete patterns ppo ■ 1 * nd 5 (cJ ' 

POX to W3 „ iu J pat " IeSUU ° f tlMSf « - 

10 ™ »° t nat of ' MSfer ° f Pa """ " 5 «<• p« 

dC or Pattern P14 i ft 

«1« is, the more likelv . * " C ° M Oration 

iikely incomplete L/s pattern 

^ wh lch an incomplete p J— —he L/S pattern 

20 toPOl. - PPObegins ^generate is closer 



^ order to find which t /c . 

^nsrerred patt eTalMtl0 ' 1 " b *«« 9 ■ 

e ° Pattern 1000 i s i Q . aH ^ 

— o f t he iine portion , „ it 7. f " 

0f "»e portion L both «<■« 

Portion L and each end 

e "ference line pair 



and reference li ne • Portion 
<" patt ems P0l to pl6 a ^ L in each 

- - ~ centet position r::;te differencebet " e - 

»1 in „ hich all te / Un *•'• "!~e L/S pattern 

x± cen lines II to Tin 
i^ges PL1 t0 PL1Q ■ t0 L1 ° a PP e ^e as pattern 

15 T • POsitio » C'L of the u 

lb L m the direction of , • i lne P° rt ion 

tle UK|Plir8Mjttae 

e P° s ""nal deviation 4c ofl > h 
« ft- the center poslUon CB § 4C 01 th ' ««« Position 
"» an i ncomplete " ilBOS «™. m contrast , 

* «PPro*i m ate ly one half ^ tt ' ^ deviate 



— -»0 M) from the cenj 'f" 

25 « or the reference line ° th " ^ ^ <=""« 

P- U ona ld ev la PaiIBreMi " S ^~— ative 

aev la ti on Ac of the i ine I. 

fr 0m the reference 1. ' P ° Siti ™ 
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"—»•«•«. as »ention«d ahove are «de 
Patterns P01 to P 16 to „ ' °" each of VS 

*C o f the J ° delation 

- patter : cl from th * — ~ « * 

y ^ Wb pattern Pio, the rP l,H 
4 — y 200 , lm fM L/s p —ration 

ar y< it is nearly zero for L/ 

-3 shown in Pig . 7 From th . Patt6rns P01 to P09, 

y • From thig result it * c * 

» — -respond, to the width , „ 7 ^ «» « 
in -3 pattern P1 „, tMt 155 „„. ' " " ^ " ~ 

0 " the other hand, prior c, «. 

/ prior to the above-sain m~ 
Process, a sten i,, measuring 

«ep is taken to determine the corr*,^ ■ 
»• co TO aberration v alu e s in the ' C ° rr,1 " 1 « 
15 "0 m M, ! and th , ■ Pr ° 3eCU ° n e * P ° SU " ^« 

--» W ch; s J:;x ationis ™--- 

20 — «-re sposnre and decent 

a 3i BU iator „ hlcll computes ^ '« using 

to MlMate shapes C ent light lewl as an 
niM3eSVe "- c °«a0erra tl o„v a l ues . 



The result is as shown in Fig » „ 

« ^c U sse d above t0 ; hi ' s BY aPPlyi " 9 -tical H„e 
" aberration ls obta . ne ^ lat "" ^aph, the value 

™e value of coma aberratio ■ 
5 system differs a c- ^ ^ pro 5 e "i on optical 

" acc °^"g to the critical , • 

— ris tlcgrapJ , lnF ;/ 7 t0d — 
^-Uo„ va i ue , the correlation " ^ ' ^ ^ 

3 — aberration value " it ^ 

" M C ""ere the critical , ■ ' 'Rented by broken 

^ap p i yic9thecri ^s-lier. 

— uri„ g the distance of the » " ^ * 0btainsd >* 

:;:r; Lo " achi/spatt "" 

*«• stance s uddenly Jj^ ^ » P-em 

° cri ^ — — an inc 0 : : r: to ^ • 

process as e J ained Patternb *- ■ 
<*«» aberration ls obt a - „ ° *"* X """—t 

valuation pattern P Sm „„ " " IaU ° n *' ° bUi ^ the 

«" f°r each of the thi^ ^ "" SUri " 9 

PS ' -sho TOinFi , 4 ; meCTt —™l uationpatterns 

• ^ot 3 can be'useo- " aberr " i0 - 

»ra„ 9 e B ent of the Br ■ ' The le„ s 

Che P r °Jecti 0n optica 

P System is adjusted 



-cordi„ g ^ this distribution . . 

aberrations are radial, H . ln "««. 1* «». 

radially distributed within „ t 
«'«val of the projection optica ' * 1 '" S 

» -a aberrations are distr h * 

A s discussed so f ar 
- e*odi„en t , a coJa T " eValUa "° n " *~ * 

Potion CI (CL . , o£ the " eV1 """ * = of the center 

waf er W, f roffi the . ° resist of tne evaluation 

e center position pr ^ ^ 

B ' « 1. not necessarv r "^""^"e pair 

ecessary to measure width, «■ 

"0 constituting an h/s pattern 1 UneS " t0 

spaces between these li„ es ^ P ° rti ° n L Md iM i"idual 

. 3can„ lng electrMic ^ ^ unnecessary t0 use 

^—tion can he eva lnated „ore easily reaS °"' & ^ 
no necessity to use a nh» Moreover, there is 

20 this Beasuring ' - j - — , it can h, said 

"ethod. '"* l * s tha n the conventional 

Wo- SUlustratesan evaluation 
»«hod according to a seco , ^ cing 

25 -"-~io nP attei«:r atio "^ k -~ 

^--.a P atte t „ Px ::^;;;" M ---«- P air 

rnS ' each of patterns 



18 - 



PX and py consist* 

„ ith resp :;;; — • — « * 

aspect to pattern px. Each T /q 
composes a l ine portion L c L/S Pattern px 

lines LI to lio evenlv ,n ° nS1Stlng ° f t6n ^t-impermeable 

- «» « in Fi9 ; ( ; r ; and the — 

e^ht middle l ines L2 t X dlrect i°n. The 

■ 10 — ■ :;:n:r" idth '" 2 - 8 ' 

Une portlon , L1 . Unes at ^ ends 

fl «t embodiment. Tne cpn , * llne "^h in the 

15 — to that ; ; 7 — - u-. H t0 M0 ls 

The «'««,« ii n6 pair B 

tne evaluation wafer n 

^Posure device i00 a s S H n • " ^ ^ Pr °^ c tion 

u as sn own in Fi a i T , u . 

"* WUnt <* U*t expose oa th? 

SpecificaUy a „ „. ^uation wafer „. 

^ a certaw amount of iw 
•««t. an exposing ■ ll?ht ls used 

^ the valuation 

25 P-Won of tne wafer „, the „ _ P,tU » PS » « -tarn 
« the x and/ or , directio ' «» »f« stage 10s 

— « is e*ec u J ^ " °» 

* or s Miler anou „ t of liqht " a£er » si «9 

9 " eXP ° S "« "»» tne p revious 
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evaluationpattern Ps transfers on the wafer . In this particnlar 
case > sateen exposings are execute , P "icular 

th ,, edalon9theYax " which passes 

through the center of the eva w 
5 . , . valuation wafer w, exposing sixteen 

5 evaluation patterns Ps ,„•»,, ,. sixteen 
terns PS with changing the amount of the light 
exposure, as in the first 

«terthis, ^~photoresi s toftheevaluation„a,er 

; a rr; ~ ng — » - - — — 
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Therefore, like the case of the first embodiment as shown 
in Figs. 6 (a) and 6 (b), the line portion L in the image of 
an L/S pattern POO and the center position CL (CL' ) of the line 
portion L in the direction of alignment are measured using an 
5 automatic overlay measuring instrument. At the same time, the 
center position CB of the reference line pair B along the direction 
of alignment of the line portion L is measured. Then the 
difference between the measured center position CL (CL' ) of the 
line portion L and the measured center position CB of the reference 
0 linepairB, or a relative positional deviation Ac, is calculated. 
The result is that, as shown in Fig. 11, when the amount of light 
exposure is larger than 47 mj /cm 2 as the critical exposure amount, 
an image of one of the lines at both ends does not appear, the 
center position CL' of the line portion L deviates by one half 
5 of a pitch, thus the relative positional deviation A C is nearly 
200 nm; conversely, when the amount of light exposure is smaller 
than that, the relative positional deviation Ac is almost zero. 
This suggests that the value of coma aberration in the projection 
optical system 105 depends on the critical exposure as mentioned 
above. Accordingly, as shown ia . Fig. 12, after projection 
exposure is performed to produce images of the above-mentioned 
L/S pattern, the correlation between coma aberration values and 
critical light exposures with which an incomplete L/S pattern 
image PPO begins to appear should* plotted. This correlation 

shouldbedeterminedusingasimulatorwhichperforms computation 
for the optical system of the projection exposure device 
concerned as well as shapes after exposure and development . In 
other words, using a simulator which computes the optical system, 




while mathematically varying the light exposure, the level of 
incident light which causes a specific value of coma aberration 
is calculated; then an L/S pattern image is defined by means 
of a simulator which uses the calculated incident light level 
5 as an input to calculate shapes after exposure and development; 
then a graph which shows light exposures for incomplete L/S 
pat tern images versus coma aberration values is plotted as shown 
in Fig. 12. By applying the critical light exposure as mentioned 
above to this correlation graph, the value of coma aberration 
-0 can be obtained. 

The critical light exposure for an incomplete L/S pattern 
image where a line at one end of an L/s pattern line portion 
L begins to disappear varies depending on the value of coma 
aberration. In the graph in Fig. 11, for a large coma aberration 

5 value, as shown in the correlation represented by broken line 
D, the critical light exposure is small . Conversely, for a small 
coma aberration value, as represented by broken line E, the 
critical light exposure is large. Therefore, by applying the 
critical light exposures as represented by broken lines D and 

3 E to the graph in Fig. 11, different values of coma aberration 
are obtained. 

With the procedures as ex-plained so far, the X component 
of coma aberration is obtained from, sixteen evaluation patterns 
PX and the Y component of coma aberration is obtained from sixteen 
evaluation patterns PY. When the above measuring procedures 
are taken for each of the thirty evaluation patterns PS made 
by a shots of exposure, the distribution of coma aberrations 
within the shot can be used for system adjustment. The lens 
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of the projection optical system is adjusted according to this 
distribution. For instance, if coma aberrations are radially 
distributed within a shot, the lens interval in the projection 
optical system should be adjusted; if coma aberrations are 
5 distributed in the same direction, the lens optical axis should 
be adjusted. 

As discussed above, according to the second embodiment 
of the present invention, coma aberrations can also be obtained 
just by measuring the relative positional deviation Ac of the 
10 center position CL of the line portion L from the center position 
CB of the reference line pair B in each L/S pattern PP of 
transferred images of L/S pattern POO on the evaluation wafer 
W. It is not necessary to directly measure the widths of lines 
LI to L10 constituting the line portion L of L/S pattern image 
15 PP and individual spaces between these lines. Also when 
measuring line widths, it is unnecessary to use a scanning 
electronic microscope. For this reason, a coma aberration can 
be measured more easily. Moreover, there is no need to use phase 
shift mask or the like making maslcmanufacturing process simple . 
20 in this aspect, it can be said that this measuring method is 
simpler than the conventional method. 

Since a coma aberration occurs in a radial direction 
including the optical axis, the direction of alignment of L/S 
pattern image lines L is not limited to the X or Y direction; 
25 it may be rotated by 45 degre $s > r ; 22 . 5 degrees with respect 
to the X or Y direction. 

As can be understood from the above explanation, when the 
measuring method according to the present invention i s used, 
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it is not necessary to measure widths of fine lines constituting 
a line portion L of l/S pattern and individual spaces between 
these lines . Also when measuring the dimensions of L/s pattern 
images, ^ is unnecessary to use a scanning electrons microscope. 
For this reason, a coma aberration can be measured more easily 
without the need for an evaluation mask with a special structure . 

It is apparent that the present invention is not limited 
to the above embodiments, but may be changed and modified without 
departing from the spirits and scope of the invention. 



